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(54) SIMPLIFIED CLASSIFICATION OF SAWN WOOD ACCORDING TO 

(57)Abstract: 

PURPOSE: To simply classify the strength and static 
Young's modulus of sawn wood by using a natural 
oscillation frequency of a third order or higher even 
under a condition that the oscillation of a log is 
restricted. 

CONSTITUTION: In a state that cut down logs 1 are 
left on the ground or that their oscillation is restricted 
such as in a state that they are heaped up as shown is the 
figure in a raw lumber market, that is to say, 'under a 
condition that the position of every node and every 
antinode of fundamental oscillations of the logs is 
restricted, longitudinal oscillation sounds generated 
when one edge of every log 1 is hit by a hammer 2 or 
the like are caught by a microphone 3 which is placed 
on the other edge. Then, in a simple classification 
method, a natural oscillation frequency of a third order 
or higher out of resonance frequencies obtained by 
analyzing the frequency by an FET(Fast Fourier 
Transformation) spectrum analyzer 4 is adopted, and the 
strength and static Young's modulus of sawn wood are estimated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS _ _ ' 

[Claim(s)] ~ 

[Claim 1] After catching longitudinal-oscillation sound with the microphone (3) which hit the end 
side of a log with the hammer etc. (2), and was put on the other end side, By carrying out 
frequency analysis by the FFT (Fast FourierTransformation) spectrum analyzer (4), and using the 
3rd more than resonant frequency among the resonance frequency obtained by it The simple 
grading method of the lumber article characterized by carrying out grading of the intensity and the 
static Young's modulus of a lumber article after being sawed up from the log. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the simple grading method of a lumber article of 
having used the 3rd more than resonant frequency in the state where especially vibration of a log 
was restrained, about the intensity of the lumber article using the resonance frequency obtained 
from the blow sound of a log, and the grading method of a static Young's modulus. 
[0002] 

[Description of the Prior Art] In order to aim at proper use of wood in recent years, it came to be 

called element indispensable to improvement in the yield, or performance maintenance of a 

product to perform the partition according to use in the stage of a log. against the background of 

this, the method of presuming the static Young's modulus of a lumber article is examined from the 

longitudinal-oscillation Young's modulus of the log called for by several 1 (Shizuoka laminate 

lumber Semiconductor Equipment & Materials International: - manufacture and its on-the- 

strength performance of the large cross-section laminate lumber for structures using the Japan 

cedar from Shizuoka Prefecture -) 1988, the collection 1991 of the p. 1-32, and three Nakamura 

**** : 41st Japan Wood Research Society convention summaries, p. 100, the collection 1991 of 

the three : 41st Japan Wood Research Society convention summaries besides the Hishida ****, 

p.96. 

;0003] 

Equation 11 
Et=4L 2 f2p/g 

The longitudinal-oscillation Young's modulus which is Et:log here, the length of L:log, the 
primary resonant frequency of flog, density of rho:log, g: Gravitational acceleration. 
[0004] However, by this method, since it is necessary to use the primary resonant frequency of a 
log, as shown in drawing 2 , you have to support the portion of the paragraph of the fundamental 
vibration of a log, so that vibration may not be restrained. And it is quite serious work also from a 
weight, a diameter, and length of member needing to be measured. On the other hand, when [ to 
reduce a parameter on the spot ] it is in within the limits with the size of a log, a weight, and 
dryness from an idea that there may also be a partition which does not require precision so much 
There is an example which showed clearly experimentally that a static bending Young's modulus 
can be presumed in a fixed precision only from a primary resonant frequency (four person: 
"material" besides the Arima **** the 39th volume), the No. 444, 1990, p.44-50, Maruyama rule 
**, and Arima ****:Showa Architectural Institute of Japan Kanto branch research report 
collection in the 62 fiscal year — p.349-352 Although presumed precision is inferior a little 
compared with the method of presuming the static Young's modulus of a lumber article, from Et 
according to this method, since a parameter is cut down sharply, it becomes very simple. 
However, at the point using the primary resonant frequency of a log, it is the same as that of an 
above-mentioned method. Therefore, as shown in drawing 2 , it is necessary to center-support or 
ends support a log, and in order to measure this resonant frequency correctly, it is necessary to pay 
careful attention so that fundamental vibration of a log may not be restrained by hanging by the 
way all use a cushioning material for support or the method of measuring on a fork lift truck in 
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case it carries, and other hoists etc. In this case, in what has the heavy weight of a log, work is 
serious and the thing exceeding 300kg also turns into what has a great effort and great time from a 
certain thing. 
[0005] 

[Problem(s) to be Solved by the Invention] this invention needs no work for not restraining not 
only measurement of a weight, a diameter, and length of member but vibration which was 
mentioned above in view of the trouble of the aforementioned technology, but the intensity and 
the static Young's modulus of a lumber article presume only from the resonance frequency 
obtained from the blow sound of a log under the condition of all oscillating restraints, and the 
method of carrying out grading of the lumber article simply offers. 
,[0006] 

[Means for Solving the Problem] According to this invention, such a purpose hits the end side of a 
log with a hammer etc. (2). By carrying out frequency analysis by the FFT spectrum analyzer (4), 
after catching longitudinal-oscillation sound with the microphone (3) put on the other end side, 
and using the 3rd more than resonant frequency among the resonance frequency obtained by it It is 
attained by carrying out grading of the intensity and the static Young's modulus of a lumber article 
after being sawed up from the log. this invention is especially effective in the bottom of the 
condition by which the fundamental vibration of a log was restrained like the log (1) of the 
****** state in the bolt commercial scene which it is left on the ground after cutting into small 
pieces with the log after felling, or is shown in drawing 1 . 

[0007] About the conditions of the log set as the object of presumption of the intensity after 
lumber, and a static Young's modulus, although tree species are not asked, it is desirable that it is 
**** as much as possible. Moreover, in order to be dependent on the length of **. for example, 
when carrying out grading of 3m material and the 4m material simultaneously, it is necessary to 
notice especially a resonant frequency about the relation between each resonant frequency and 
intensity, and a static Young's modulus completely differing. That is, when carrying out grading of 
the intensity and the static Young's modulus after lumber of a log, it is necessary to create another 
grading table in the length of a log beforehand. 

[0008] The tool for exciting the longitudinal oscillation of a log is good anything, if a hammer, a 
mallet, and the other longitudinal-oscillation sound of fixed level can be produced. Moreover, 
since what is necessary is just the level on which the trigger circuit of a frequency counter 
operates, the strength of a blow is lightly hit to compensate for a setup of this level. In this case, if 
the position to hit needs to be surely the cross-section-of-wood side of a log and other fields (the 
angle and the side of a log) are hit in order to excite the longitudinal oscillation of a log, exact 
frequency spectrum cannot be obtained. Moreover, the primary about resonant frequency [ 6th ] 
can be easily obtained by the method of carrying out frequency analysis by the FFT spectrum 
analyzer, after catching this longitudinal-oscillation sound with the microphone put on the other 
end side (this end face is sufficient depending on the case although it is desirable that it is an other 
end side as much as possible), and moving cursor on the displayed frequency spectrum. 
[0009] In this invention, as shown in drawing 3 , more than with the 3rd resonant frequency, it 
discovered hardly being influenced by vibration of a restraint. Therefore, after being cut down, a 
resonant frequency is measurable, if the 3rd more than resonant frequency of a log is used in the 
state left on the slant face of a mountain, a truck, a bolt commercial scene under conveyance, etc. 
with high precision also with ************ 

[0010] Although any non-destroying parameter is the same Presume intensity and a static Young's 
modulus more than from the 3rd resonant frequency of a log, and in carrying out grading The 
intensity and the static Young's modulus which carried out the strength test beforehand about the 
measurement size which can obtain a fixed confidence level, and were obtained from the result, In 
order to ask for the regression line more than between the 3rd resonant frequencies of the log 
beforehand measured before lumber and to guarantee the intensity or the static Young's-modulus 
minimum value according to rank corresponding to this resonant frequency based on it further, it 
is necessary to calculate 5% confidence limit value of minimums by the statistical method about 
each rank. What is necessary is to determine the number of partitions that the gap during the rank 
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of intensity or a static Young's modulus is obtained more than fixed on the basis of this value, and 

just to perform simple grading of a lumber article according to it after that. 

[0011] 

[Example] The example which investigated the influence of the oscillating restraint to primary - 
the 4th resonant frequency of a log is shown below. In addition, the FFT spectrum analyzer (4 9) 
used for the experiment is AD-3525 (the make of the other company is sufficient) of A, Inc. - and 
- day, and sample offering logs are 27 Japan cedars from Miyazaki Takaoka-cho, and three Japan 
cedars from Kushima-shi, Miyazaki (the diameter of a tip of 24.5-27.5cm, a length of 400cm). 
[0012] The relation between primary - the 4th resonant frequency (Fcl-Fc4) of a log (1) when 
vibration is restrained by drawing 3 , and primary - the 4th resonant frequency [ in / (5) / when the 
portion of the paragraph of the fundamental vibration of a log is supported so that vibration may 
not be restrained ] (F1-F4) is shown. It turns out that this drawing to both correlation becomes so 
high that an oscillating degree becomes high, and the value with the especially almost same case 
where it is not restrained with the case where vibration is restrained in the 3rd resonant frequency 
[ 4th ] is shown. 

[0013] Therefore, even if it is a log in the state where vibration was restrained, it is thought 
possible by using the 3rd high order more than resonant frequency to predict the intensity and the 
static Young's modulus of a lumber article after lumber. 

[0014] Based on the above-mentioned result, the 4th resonant frequency of the log which had 
vibration restrained is adopted as a non-destroying parameter, and the example which presumed 
the flexural strength and the static bending Young's modulus of a lumber article is explained in 
detail below. [0015] As mentioned above, intensity and a Young's modulus are presumed from the 
parameter which can be measured in un-destroying, and when carrying out grading, it is necessary 
to ask for the regression line between them. Then, it asks for the regression line between the 4th 
resonant frequencies of a log, the flexural strength of a lumber article, and the static bending 
Young'ses modulus which had vibration restrained, and the functionality between them is 
checked. In addition, a lumber size is 200cm in 3.6cm in width of face of 21cm, and thickness, 
and length. 

[001 6] The relation between the 4th resonant frequency (Fc4) of the log which had vibration 
restrained by drawing 4 , and the average flexural strength (MORaverage) classified by log of the 
lumber article sawed up from this log is shown. In this drawing, the relation between Fc4 and 
MORaverage has acquired high correlation at 1% of level of significance. Moreover, a relation 
with MORaverage is indicated to be the primary resonant frequency (Fl) measured by the method 
of supporting the portion of the paragraph of the fundamental vibration of a log so that vibration 
may not be restrained to drawing 5 . The inclination of d rawin g 4 and d raw ing 5 is approximated 
very well, and the correlation coefficient in each drawing shows that four are the presumed index 
of matching MORaverage at FcFl . 

[0017] The relation between Fc4 and the average static bending Young's modulus (MOEaverage) 
according to log of the lumber article sawed up from this log is shown in drawing 6 . In this 
drawing, the relation between Fc4 and MOEaverage has acquired high correlation at 1% of level 
of significance. Moreover, the relation between Fl and MOEaverage is shown in drawing 7 . The 
inclination of drawin g 6 and drawin g 7 is approximated very well, and the correlation coefficient 
in each drawing shows that four are the presumed index of matching MOEaverage at FcFl . 
[0018] From the above result, it is judged that it is effective to presume the flexural strength and 
the static bending Young's modulus of a lumber article using Fc4. Then, the example which 
carried out grading of the flexural strength of a lumber article and a static bending Young's 
modulus is shown below by making Fc4 into a non-destroying parameter. 
[0019] In order to guarantee the on-the-strength performance minimum value according to rank 
corresponding to the non-destroying parameter (here Fc4) divided into some ranks when 
performing grading to the on-the-strength performance value of wood as mentioned above, it is 
necessary to calculate 5% confidence limit value of minimums by the statistical method about 
each rank. Then, Fc4 is divided into six ranks, 5% confidence limit value of minimums of the 
flexural strength according to each rank and a static bending Young's modulus is computed by 
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several 2, and the example which carried out grading from the result is shown in Table 1 and 2. 

[0020] 

[Equation 2] 

Yi=a+bxi-t (n-2, 0.05) V C U+l/n+ (xi-x) Vsx} Ve] 

Each flexural strength here corresponding to xi:Fc4 and Yi:Fc4 or 5% confidence-limit value of 
minimums of a static bending Young's modulus, the average of x:Fc4, ^measurement size, Ve: 
Error variance. 
0021] 



Fc4 
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1400 
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MORTRBfl 


302 


329 
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378 


400 


422 


[0022] 
Table 2] 


Fc4 


1300 


1400 


1500 


1600 


1700 


1800 


MOETWI 


35 


4 1 


4 7 


53 


59 


65 



[0023] From Table 1 and 2, 5% confidence limit value (in front Naka, it was described as the 
MOR lower limit and the MOE lower limit, respectively) of minimums of flexural strength and a 
static bending Young's modulus shows the very clear difference between each rank. Therefore, 
when adopting Fc4 as a non-destroying parameter and carrying out grading of flexural strength 
and the static bending Young's modulus, it is judged as a thing classifiable into about at least six 
grades. 
[0024] 

[Effect of the Invention] Thus, according to this invention, it is left on the ground after cutting 
into small pieces with the log after felling. Or even if it is under all the conditions by which the 
paragraph of the fundamental vibration in the state, i.e., a log, where vibration was restrained like 
the ****** state in a bolt commercial scene etc., and the position of a belly were restrained It is 
possible by carrying out [ sound / longitudinal-oscillation / of a log ] frequency analysis to predict 
the intensity and the static Young's modulus of a lumber article after being sawed up by adopting 
the 3rd / at least / resonant frequency among the resonance frequency obtained. In this case, since 
it is not necessary to support the portion of the paragraph of the fundamental vibration of a log in 
the case of measurement, the work which carries out one log at a time, the work which covers the 
bottom of a log with a cushioning material become unnecessary, and the effort and time which 
work takes are mitigated sharply. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of . the Prior Art] In order to aim at proper use of wood in recent years, it came to be 

called element indispensable' to improvement in the yield, or performance maintenance of a 

product to perform the partition according to use in the stage of a log. against the background of 

this, the method of presuming the static Young's modulus of a lumber article is examined from the 

longitudinal-oscillation Young's modulus of the log called for by several 1 (Shizuoka laminate 

lumber Semiconductor Equipment & Materials International: — manufacture and its on-the- 

strength performance of the large cross-section laminate lumber for structures using the Japan 

cedar from Shizuoka Prefecture --) 1988, the collection 1991 of the p. 1-32, and three Nakamura 

**** : 41st Japan Wood Research Society convention summaries, p.100, the collection 1991 of 

the three : 41st Japan Wood Research Society convention summaries besides the Hishida ****, 

p.96. 

;0003] 

Equation 11 
Et = 4L 2 f2p/g 

The longitudinal-oscillation Young's modulus which is Et:log here, the length of L:log, the 
primary resonant frequency of f:log, density of rho:log, g: Gravitational acceleration. 
[0004] However, by this method, since it is necessary to use the primary resonant frequency of a 
log, as shown in drawing 2 , you have to support the portion of the paragraph of the fundamental 
vibration of a log, so that vibration may not be restrained. And it is quite serious work also from a 
weight, a diameter, and length of member needing to be measured. On the other hand, when [ to 
reduce a parameter on the spot ] it is in within the limits with the size of a log, a weight, and 
dryness from an idea that there may also be a partition which does not require precision so much 
There is an example which showed clearly experimentally that a static bending Young's modulus 
can be presumed in a fixed precision only from a primary resonant frequency (four person: 
"material" besides the Arima **** the 39th volume), the No. 444, 1990, p.44-50, Maruyama rule 
**, and Arima * ***:Showa Architectural Institute of Japan Kanto branch research report 
collection in the 62 fiscal year - p. 3 49-3 52 Although presumed precision is inferior a little 
compared with the method of presuming the static Young's modulus of a lumber article, from Et 
according to this method, since a parameter is cut down sharply, it becomes very simple. 
However, at the point using the primary resonant frequency of a log, it is the same as that of an 
above-mentioned method. Therefore, as shown in drawing 2 , it is necessary to center-support or 
ends support a log, and in order to measure this resonant frequency correctly, it is necessary to pay 
careful attention so that fundamental vibration of a log may not be restrained by hanging by the 
way all use a cushioning material for support or the method of measuring on a fork lift truck in 
case it carries, and other hoists etc. In this case, in what has the heavy weight of a log, work is 
serious and the thing exceeding 300kg also turns into what has a great effort and great time from a 
certain thing. 
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TECHNICAL FIELD 

[Industrial Application] this invention relates to the simple grading method of a lumber article of 
having used the 3rd more than resonant frequency in the state where especially vibration of a log 
was restrained, about the intensity of the lumber article using the resonance frequency obtained 
from the blow sound of a log, and the grading method of a static Young's modulus. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Thus, in this invention, it is left on the ground after cutting into small 
pieces with the log after felling, or even if it is under all the conditions by which the paragraph of 
the fundamental vibration in the state, i.e., a log, where vibration was restrained like the ****** 
state in a bolt commercial scene etc., and the position of a belly were restrained, the 3rd [ at least ] 
resonant frequency is adopted among the resonance frequency obtained by carrying out [ sound / 
longitudinal-oscillation / of a log ] frequency analysis. Therefore, it is possible to predict the 
intensity and the static Young's modulus of a lumber article after being sawed up. In this case, 
since it is not necessary to support the portion of the paragraph of the fundamental vibration of a 
log in the case of measurement, the work which carries out one log at a time, the work which 
covers the bottom of a log with a cushioning material become unnecessary, and the effort and time 
which work takes are mitigated sharply. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] this invention needs no work for not restraining not 
only measurement of a weight, a diameter, and length of member but vibration which was 
mentioned above in view of the trouble of the aforementioned technology, but the intensity and 
the static Young's modulus of a lumber article presume only from the resonance frequency 
obtained from the blow sound of a log under the condition of all oscillating restraints, and the 
method of carrying out grading of the lumber article simply offers. 
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MEANS 

[Means for Solving the Problem] According to this invention, such a purpose hits the end side of a 
log with a hammer etc. (2). By carrying out frequency analysis by the FFT spectrum analyzer (4), 
after catching longitudinal-oscillation sound with the microphone (3) put on the other end side, 
and using the 3rd more than resonant frequency among the resonance frequency obtained by it It is 
attained by carrying out grading of the intensity and the static Young's modulus of a lumber article 
after being sawed up from the log. this invention is especially effective in the bottom of the 
condition by which the fundamental vibration of a log was restrained like the log (1) of the 
****** state in the bolt commercial scene which it is left on the ground after cutting into small 
pieces with the log after felling, or is shown in drawing 1 . 

[0007] About the conditions of the log set as the object of presumption of the intensity after 
lumber, and a static Young's modulus, although tree species are not asked, it is desirable that it is 
**** as much as possible. Moreover, in order to be dependent on the length of**, for example, 
when carrying out grading of 3m material and the 4m material simultaneously, it is necessary to 
notice especially a resonant frequency about the relation between each resonant frequency and 
intensity, and a static Young's modulus completely differing. That is, when carrying out grading of 
the intensity and the static Young's modulus after lumber of a log, it is necessary to create another 
grading table in the length of a log beforehand. 

[0008] The tool for exciting the longitudinal oscillation of a log is good anything, if a hammer, a 
mallet, and the other longitudinal-oscillation sound of fixed level can be produced. Moreover, 
since what is necessary is just the level on which the trigger circuit of a frequency counter 
operates, the strength of a blow is lightly hit to compensate for a setup of this level. In this case, if 
the position to hit needs to be surely the cross-section-of-wood side of a log and other fields (the 
angle and the side of a log) are hit in order to excite the longitudinal oscillation of a log, exact 
frequency spectrum cannot be obtained. Moreover, the primary about resonant frequency [ 6th ] 
can be easily obtained by the method of carrying out frequency analysis by the FFT spectrum 
analyzer, after catching this longitudinal-oscillation sound with the microphone put on the other 
end side (this end face is sufficient depending on the case although it is desirable that it is an other 
end side as much as possible), and moving cursor on the displayed frequency spectrum. 
[0009] In this invention, as shown in drawing 3 , more than with the 3rd resonant frequency, it 
discovered hardly being influenced by vibration of a restraint. Therefore, after being cut down, a 
resonant frequency is measurable, if the 3rd more than resonant frequency of a log is used in the 
state left on the slant face of a mountain, a truck, a bolt commercial scene under conveyance, etc. 
with high precision also with ************ ^ 

[0010] Although any non-destroying parameter is the same Presume intensity and a static Young's 
modulus more than from the 3rd resonant frequency of a log, and in carrying out grading The 
intensity and the static Young's modulus which carried out the strength test beforehand about the 
measurement size which can obtain a fixed confidence level, and were obtained from the result, In 
order to ask for the regression line more than between the 3rd resonant frequencies of the log 
beforehand measured before lumber and to guarantee the intensity or the static Young's-modulus 
minimum value according to rank corresponding to this resonant frequency based on it further, it 
is necessary to calculate 5% confidence limit value of minimums by the statistical method about 
each rank. What is necessary is to determine the number of partitions that the gap during the rank 
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of intensity or a static Young's modulus is obtained more than fixed on the basis of this value, and 
just to perform simple grading of a lumber article according to it after that. 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 

[Example] The example which investigated the influence of the oscillating restraint to primary - 
the 4th resonant frequency of a log is shown below. In addition, the FFT spectrum analyzer (4 9) 
used for the experiment is AD-3525 (the make of the other company is sufficient) of A, Inc. - and 
- day, and sample offering logs are 27 Japan cedars from Miyazaki Takaoka-cho, and three Japan 
cedars from Kushima-shi, Miyazaki (the diameter of a tip of 24.5-27.5cm, a length of 400cm). 
[0012] The relation between primary - the 4th resonant frequency (Fcl-Fc4) of a log (1) when 
vibration is restrained by drawing 3 , and primary - the 4th resonant frequency [ in / (5) / when the 
portion of the paragraph of the fundamental vibration of a log is supported so that vibration may 
not be restrained ] (F1-F4) is shown. It turns out that this drawing to both correlation becomes so 
high that an oscillating degree becomes high, and the value with the especially almost same case 
where it is not restrained with the case where vibration is restrained in the 3rd resonant frequency 
[ 4th ] is shown. 

[0013] Therefore, even if it is a log in the state where vibration was restrained, it is thought 
possible by using the 3rd high order more than resonant frequency to predict the intensity and the 
static Young's modulus of a lumber article after lumber. 

[0014] Based on the above-mentioned result, the 4th resonant frequency of the log which had 
vibration restrained is adopted as a non-destroying parameter, and the example which presumed 
the flexural strength and the static bending Young's modulus of a lumber article is explained in 
detail below. [0015] As mentioned above, intensity and a Young's modulus are presumed from the 
parameter which can be measured in un-destroying, and when carrying out grading, it is necessary 
to ask for the regression line between them. Then, it asks for the regression line between the 4th 
resonant frequencies of a log, the flexural strength of a lumber article, and the static bending 
Young'ses modulus which had vibration restrained, and the functionality between them is 
checked. In addition, a lumber size is 200cm in 3.6cm in width of face of 21cm, and thickness, 
and length. 

[0016] The relation between the 4th resonant frequency (Fc4) of the log which had vibration 
restrained by drawing 4 , and the average flexural strength (MORaverage) classified by log of the 
lumber article sawed up from this log is shown. In this drawing, the relation between Fc4 and 
MORaverage has acquired high correlation at 1% of level of significance. Moreover, a relation 
with MORaverage is indicated to be the primary resonant frequency (Fl) measured by the method 
of supporting the portion of the paragraph of the fundamental vibration of a log so that vibration 
may not be restrained to drawing 5 . The inclination of drawing 4 and drawi ng 5 is approximated 
very well, and the correlation coefficient in each drawing shows that four are the presumed index 
of matching MORaverage at FcFl . 

[0017] The relation between Fc4 and the average static bending Young's modulus (MOEaverage) 
according to log of the lumber article sawed up from this log is shown in drawing 6 . In this 
drawing, the relation between Fc4 and MOEaverage has acquired high correlation at 1% of level 
of significance. Moreover, the relation between Fl and MOEaverage is shown in drawin g 7 . The 
inclination of drawing 6 and drawing 7 is approximated very well, and the correlation coefficient 
in each drawing shows that four are the presumed index of matching MOEaverage at FcFl . 
[0018] From the above result, it is judged that it is effective to presume the flexural strength and 
the static bending Young's modulus of a lumber article using Fc4. Then, the example which 
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carried out grading of the flexural strength of a lumber article and a static bending Young's 
modulus is shown below by making Fc4 into a non-destroying parameter. 
[0019] In order to guarantee the on-the-strength performance minimum value according to rank 
corresponding to the non-destroying parameter (here Fc4) divided into some ranks when 
performing grading to the on-the-strength performance value of wood as mentioned above, it is 
necessary to calculate 5% confidence limit value of minimums by the statistical method about 
each rank. Then, Fc4 is divided into six ranks, 5% confidence limit value of minimums of the 
flexural strength according to each rank and a static bending Young's modulus is computed by 
several 2, and the example which carried out grading from the result is shown in Table 1 and 2. 
[0020] 
[Equation 2] 

Yi=a+bxi-t (n-2, 0.05) S [ (l+l/n+ (xi-x) Vsx} Ve] 



Each flexural strength here corresponding to xi:Fc4 and Yi:Fc4 or 5% confidence-limit value of 
minimums of a static bending Young's modulus, the average of x:Fc4, nrmeasurement size, Ve: 
Error variance. 
0021] 
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[0022] 
[Table 2] 
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[0023] From Table 1 and 2, 5% confidence limit value (in front Naka, it was described as the 
MOR lower limit and the MOE lower limit, respectively) of minimums of flexural strength and a 
static bending Young's modulus shows the very clear difference between each rank. Therefore, 
when adopting Fc4 as a non-destroying parameter and carrying out grading of flexural strength 
and the static bending Young's modulus, it is judged as a thing classifiable into about at least six 
grades. 



[Translation done.] 
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* NOTICES* ' 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

{Dj^wingJJ It is the perspective diagram showing the measuring method of the resonant 
frequency of the log by the longitudinal-oscillation sound in the state where vibration was 
restrained. 

[Drawing 2] As vibration is not restrained, it is the perspective diagram showing the measuring 
method of the resonant frequency of the log by the longitudinal-oscillation sound in the state 
where the portion of the paragraph of fundamental vibration was supported. 
[Draw ing.!] It is the relation between primary - the 4th resonant frequency (Fcl-Fc4) of the log 
which had vibration restrained, and primary - the 4th resonant frequency (F1-F4) in the state 
where the portion of the paragraph of the fundamental vibration of a log was supported so that 
vibration might not be restrained. 

[Drawin gJJ It is the relation between Fc4 and the average flexural strength (MORaverage) 
classified by log of the lumber article (width of face of 21cm, the thickness of 3.6cm, a length of 
200cm) sawed up from this log. 

[Drawing 5] It is the relation between Fl and MORaverage. 

[Drawing_6] It is the relation between Fc4 and the average static bending Young's modulus 
(MOEaverage) according to log of the lumber article sawed up from this log. 
[Drawing 7] It is the relation between Fl and MOEaverage. 
[Description of Notations] 

1 Five Log 

2 Six Hammer 

3 Seven Microphone 

8 Cushioning materials (rubber, tire of an automobile, etc.) 

4 Nine FFT spectrum analyzer 



[Translation done.] 
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ABSTRACT: 

PURPOSE: To simply classify the strength and static 
Young's modulus of sawn 

wood by using a natural oscillation frequency of a third order 
or higher even 

under a condition that the oscillation of a log is restricted. 

CONSTITUTION: In a state that cut down logs 1 are left 
on the ground or that 

their oscillation is restricted such as in a state that they are 
heaped up as 

shown is the figure in a raw lumber market, that is to say, 
under a condition 

that the position of every node and every antinode of 
fundamental oscillations 

of the logs is restricted, longitudinal oscillation sounds 
generated when one 

edge of every log 1 is hit by a hammer 2 or the like are 
caught by a microphone 

3 which is placed on the other edge. Then, in a simple 



\ 
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classification method, 

a natural oscillation frequency of a third order or higher out 
of resonance 

frequencies obtained by analyzing the frequency by an 
FET(Fast Fourier 

Transformation) spectrum analyzer 4 is adopted, and the 
strength and static 

Young's modulus of sawn wood are estimated. 
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